in laboratory bioassays and field trials.
The Douglas-fir tussock moth (DFTM) Orgyia pseudotsugata (McDunnough) (1) is a severe defoliator of fir forests of western North America (2, 3) . This insect is capable of dramatic population increases, which can result in severe damage to forest resources for a year or two before such populations subside (2) . The availability of DFTM sex attractant (pheromone) for use in surveillance traps should prove invaluable, as such traps would constitute an early warning system for the detection of increasing moth populations, and would thus identify areas requiring intensified surveillance and possible containment measures.
The sex attractant of the DFTM has been isolated and identified as (Z)-6-heneicosen-1 1-one (1).
CH3(CH2)gC(CH2)3N
,,(CH2)4CH3 HW' N"H This structure, novel among known lepidopteran pheromones (4), has been confirmed by chromatographic, chemical, and spectrometric comparisons of the isolated attractant with synthetic 1, and by moth attraction to the synthetic pheromone.
The isolation and structure elucidation was achieved by using the methylene chloride extract of 6000 female DFTM abdominal tips (each containing about 40 ng of pheromone (5), reacted under these conditions to yield two products, presumably the two possible hydroxy acetates. Biological activity was destroyed when the DFTM attractant was treated with a standard 2,4-dinitrophenylhydrazine solution-a result consistent with the presence of a carbonyl group. The presence of one or more multiple bonds was inferred when pheromone activi-ty was lost from samples which were catalytically hydrogenated, treated with ozone, or reacted with m-chloroperbenzoic acid.
A preliminary separation of the crude extract by "dry-column" chromatography (6) on alumina yielded an active fraction which, by gas-liquid chromatography [GLC, with a column 1.2 m by 6 mm (inner diameter) of 3 percent SE-30 on Chromosorb W, AW-DMCS], contained only two major components, one of which was biologically active. A mass spectrum of this purified pheromone exhibited a molecular ion at mie ( (7) indicated the presence of four exchangeable protons, consistent with a ketone functional group. The ions arising by the two modes of a-cleavage of the ketone attractant (mle 167 and 169) and the deuterated analog (mle 169 and 171) establish the position of the carbonyl at C-11. Conclusive identification of the carbon skeleton was obtained when catalytic reduction of the pheromone yielded a product that exhibited a mass spectrum and a GLC retention time identical to those of an authentic sample of 11-heneicosanone (8).
The base ion in the mass spectrum one. This compound and its E isomer have been synthesized and are highly potent isolated DFTM attractant and of synthetic (Z)-and (E)-6-heneicosen-11-ones were prepared by reaction with in-chloroperbenzoic acid. By using a 1.2 m by 2 mm (inner diameter) column of 10 percent Apolar 10C on GasChrom Q (Applied Science Laboratories) the isomeric Z and E derivatives were readily separated; the derivative obtained from the natural attractant corresponded to the Z isomer.
To synthesize both isomers of 6-heneicosen-11-one (1 and the corresponding E isomer) we used as starting material 2-decyl-1,3-dithiane prepared from undecanal (8) and 1,3-propanedithiol (11) by the method of Fieser (12) . The lithium derivative of this dithiane, prepared by using n-butyllithium (13), was alkylated with 1-chloro-4-decyne (8) , and the carbonyl function of the resulting product was regenerated by using cupric chloride and cupric oxide (14) to yield 6-heneicosyn-11-one. The acetylenic bond of this compound was reduced over P-2 nickel catalyst (with ethylenediamine) (15) to yield (Z)-6-heneicosen-1l-one. To prepare the E isomer from 6-heneicosyn-1 1-one it was necessary first to prepare the corresponding acetylenic alcohol by lithium aluminum hydride reduction; the acetylenic bond of this compound was then reduced with sodium in liquid ammonia (16) . Finally, the olefinic alcohol obtained in this manner was oxidized with chromium trioxide-pyridine complex (17) to yield (E)-6-heneicosen-1 1-one.
The laboratory bioassay procedure was designed to provide qualitative, yesor-no evaluations of test samples. A wind tunnel (60 by 60 by 170 cm) containing 0.5-liter cylindrical adhesive traps baited with test samples was used. Usually two but sometimes three traps including a blank control were exposed during a test. Test samples in methylene chloride solution were impregnated on filter paper or small disks of cotton wick for placement in the traps. The rate of air flow through the wind tunnel was regulated at 7 cm/sec.
For a sample to be judged attractive, DFTM males had to fly upwind toward a sticky trap baited with the sample, land on the trap, and enter it through the opening, which was 3 cm in diameter. Positive responses were generally clear-cut, with 50 percent or more of 30 to 50 DFTM males (1 to 5 days old) exhibiting this behavior. Bioassays were carried out between 4 and 6 p.m. to correspond with the period of maxi-64 mum flight activity in the field (2) . The caged males were exposed to no more than one attractive sample within a 24-hour period.
Both 
